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BnepBbie nosly4eHbl yCTOMYMBBIE BOIHBIC KOJUTOUIHBIE PACTBOPHI IMOKCU/IA LIepHsl, CTAOMIM3UPOBAHHBIC
L-s16104HO# KMCIOTOI, B MOJIBHBIX COOTHOLIEHUsIX turany : CeO, = 0.2, 0.5, 1 u 2. C nomMou1pio MeToa
JMHAMUYECKOIo paccesiHusI CBeTa Moka3aHo, 4to 30iu CeO, xapakTepu3yloTcs Y3KUM MOHOMOIAJIbHBIM
pacrpeeieHueM arperaToB I10 pa3MepaM U COXPaHSIIOT arperaTUBHYIO YCTOMUMBOCT B Oy epHOM pacTBO-
pe Tris-HCIl. XeMuaoMUHECLIEHTHBIN aHalIu3 (epPMEHTONOAOOHONM aKTHUBHOCTH 30JIeii TMOKCHUIA LiepHUst
10 OTHOILIEHUIO K TIEPOKCUIY BOIOPOIa IMOoKa3aj, YTO MOAM(UKALIMS TOBEPXHOCTU YACTULL AUOKCUIA 1Ie-
pust SI0JIOYHOI KMCIOTOM MPUBOIUT K YBEIUYEHUIO UX (PepMEHTONOI00HOM aKTUBHOCTHU 110 4.5 pas.
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BBEAEHWE

Hanoxkpucrammmdeckuii [MOKCUI LIEpUsT M MaTe-
puajbl Ha €ro OCHOBE HAXOAST MHOTOYMCICHHBIC
MPUMEHEHUS] B OMOMEIUIIMHCKUX TIPUIOKEHUSIX B
KadyecTBe KOHTPaCTUPYIOIINX areHTOB INIE
MarHUTHO-pe30HaHCcoi ToMorpadun [1, 2], KoMIro-
HEHTOB ITPOTUBOOITYXOJIEBBIX ITpenapaToB [3, 4], aH-
THOAKTEpUAILHEIX 1 PEreHepUpyIOIINX KOMIIO3U-
onii [5S—11] n op. Uconbp3oBaHMe TMOKCHIA IIEPUSI B
TepPaHOCTUKE COLMAJIbHO-3HAUUMMBIX 3a0oJieBaHUM
OOYCJIOBJIGHO €ro BBICOKOM OMOCOBMECTUMOCTBIO
[12—14], ceTeKTUBHOM IMTOTOKCHMYHOCTHIO K TpaHC-
dopMupoBaHHBIM KJieTKaM [15, 16] u pepMeHTOITO-
JMOOHOM aKTUBHOCTBIO — crtocobHocThio CeO, UMU-
TUPOBaTh (PYHKIMU psia IIPUPOIHBIX (PEPMEHTOB,
BKJIIOYasl KaTajasy, IepoKcuaasy, CylepoOKCUIIUC-
MyTasy, JIunonepokcuaasy, ¢pochonamumnonepokcuaa-
3y u ap. [17—-21].

OnHo M3 KJIOYEBBIX TpeOOBaHMIA, MpEnbsBIsie-
MbIX K OMOMEIMIIMHCKUM TIperapaTraM, COCTOUT B
HeoOXOAUMOCTH TOYHOM TO3MPOBKU aKTUBHOTO BE-
mecTtBa [22]. Jasg DO3MpOBKM HEPACTBOPUMBIX CO-
eNVMHEeHUIi, B TOM 4ucJie TUOKCUIA 1iepusi, Haubosee
yIOOHO MCHOJIB30BaTh YCTOMYMBEIE KOJUIOMIHbBIE Pac-
TBOPHI [23, 24]. [Ins crabmim3aluy BOTHBIX 30J1€ii Ha-
HOKPUCTAJUTMYECKOTO JIUOKCHUAA LIEpUsT UCIIOJb3YIOT
pa3HOOOpa3HbIe OpraHUYeCKUe IUraHasl [25—27], ipu
9TOM BBIOOpP CTAOMIIM3aTOpa ITO3BOJISIET TOTTOTHUTEITb-
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HO peryarMpoBaTh (hepMEHTOIIOA00HYIO M OUOIOoTnYe-
cKyto akTuBHOCTb CeQO, [28, 29]. JIa3uu u coaBT. no-
Ka3aJii, 4YTO 30JIM AUOKCHUIa LepUsl, CTaAOMIN3UPO-
BaHHBIC JIMTAHIAMM KaTEXOJIOBOIO psima (KodeiiHoi
KMCJIOTOM, IIMPOKATEXWMHOM U 10PaMHUHOM ), CIIOCO0-
CTBYIOT npoJiudepaluu MpeocTeod1acToB, YTO, B
COYETAHUU C BHICOKOII aHTUOKCUIAHTHOI aKTUB-
HocTbhlo CeO,, MepCcrneKTUBHO JJIs JIEYeHU S BOCTa-
JINTEJILHBIX 3a00JieBaHWM KOCTHBIX TKaHei [30].
By 1 coaBT. mpogeMOHCTPUPOBAJIM, YTO MOIUDU-
Kalus ITOBEPXHOCTU YACTHLI JUOKCHIIA LIEpHST STHTap-
HOM KMCJIOTOM ITOBBIIIAET AaHTUOKCUIAHTHYIO aKTUB-
HOCTb U yiIydllaeT (hapMakKOKMHETUYECKIE XapaKTe-
puctuku CeO, pu JieUeHUU XPOHNUECKOI 00JIe3HU
noyek [31]. PusuKenna U COaBT. YCTAHOBWIU, YTO
cTabmin3alysl KOJUIOMIHOIO pacTBopa IUOKCHUIA
LHepHs LIUTPATOM aMMOHUS MPUBOAUT K CHIDKEHUIO
reHoTokcuueckoro aeiicteus CeO, [32].

Br100p OMOCOBMECTUMBIX CTAOMIM3aTOPOB KOJI-
JIOUAHBIX PACTBOPOB IJI1 OMOMENULIMHCKUX TTPUMe-
HEHUIT 3a4acTylo OOYCJIOBIIEH TEM, YTO HEKOTOpPHIE
JIMTaHIIbl BBICTYNAIOT B KAYECTBE META0OIUTOB B 3KM-
BBIX CCTeMaX WU MPOSIBIISTIOT COOCTBEHHYIO OMOJTO-
TMYECKYI0 aKTUBHOCTb. OOHUM U3 TaKUX JUTAHOIOB
SBJISIETCST SI0JI0YHAsl KMCIIOTa, KOTOpasl ydacTBYyeT B
LIUKJIe TPUKAPOOHOBBIX KUCJIOT U 00JIagacT 3HAUMMOIA
AHTUOKCUIAHTHOM akKTWUBHOCTHIO [33—35]. OT™MeTnMm,
YTO ITPOM3BOIHbBIE SI0JIOYHOM KUCIOTHI, HAIIPUMeED, T10-
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JIMSI0JIOYHAST KUCJIO0Ta, MEPCIEKTUBHBI I CO3MaHMs
OMOMEIULIMHCKUX MaTepUaJioB, 00eCIIeYMBAIOLINX 10~
CTaBKY JICKAPCTBEHHBIX IIPEIIapaToB, a TAKXKe 001aga-
IOIINX pereHepaTUBHLIMU cBoiicTBamu [36—39]. K
HacTOsIIEMY BpEMEHHU B JIMTEpaType IpenCcTaBIeHbI
TOJILKO €IMHUYHbIC TaHHBIE O CIIOCO0aX ITOJIy4YeHUS
M CBOICTBax KOJUIOMOHBIX PaCTBOPOB HAHOYACTMII,
CTAaOMJIM3UPOBAHHEBIX SI00YHOI KuciaoTtoil. Tak, B
paborte, IMOCBIIEHHO aHAJIN3Y XapaKTEePUCTUK Ma-
JIaT-, TUTPaT- ¥ CyKIIMHAT-CTaOMIM3UPOBAHHBIX 30JICi
CdSe/CdS, nokazaHo, 4To MoauGUKaIsi KBAHTOBBIX
TOYEK SIOJIOYHOM KUCIO0TOH obecrieunBaeT 3(PheKTUB-
Hy1o nHTepHanu3anuio yactuil CdSe/CdS bakrepussmu
Escherichia coli, 910 MOXeT OBITh MCITOJIb30BAHO IS
BU3YaJIM3aL1M KUBBIX KJIETOK ITpoKapuoT [40].

B Hacrosieit pabore BIEpBEBIC ITOJYYEHBI 30JI1
HAHOKPHUCTAJUTMYECKOTO JUOKCUIA LIepUsl, CTAOWIIM -
3UpoBaHHbIe L-sI0JJO4HON KMCJIOTOI B Auaria3oHe
MOJIBHBIX COOTHOIIEeHW iurany : CeO, =0.2—2. Uc-
cienoBaHue (pepMEeHTOITOJOOHOM AKTUBHOCTH 30J1eit
OBLIIO TTPOBEACHO C MPUMEHEHNUEM XeMUJIIOMUHEC-
LICHTHOTO METOHAa, OCHOBAHHOTO HA OKUCJICHUU JIIO-
MUHOJIa IEPOKCUAOM BOAOPOAA. AHAIN3 OCOOEHHO-
CTel B3aMMOACHCTBUSI TUOKCUAA LIEpUsI C SIOJIOUHOM
KMCJIOTOI MO3BOJIMII OLIEHUTD IIEPCHEKTUBY UCIOJIb-
30BaHUS MaJlaT-CcTa0WIu3MpoBaHHbIX 307eil CeO,
IJ1s1 OMOMETULIMHCKUX IIPUMEHEHUIA.

SKCITEPUMEHTAJIBHAA YACTb

B xauecTBe MCXOMHBIX BEIIECTB UCTIOB30BAIN TEK-
canutpatouepat(IV) ammonust (x.4., Jlanxurt), L-s6-
JIOYHYIO KMCJIOTY 6e3BOIHYIO (x.4., Sigma-Aldrich), me-
WOHM3UPOBaHHYIO Bomy. HaBecKy rekcaHuTparoriepa-
ta(IV) amMmoHus (2.33 r) pacTBOpsiid B 23 MJI BOJBI;
TTOJTY4EeHHBIN pacTBOP TIEPEHOCWIN B CTEKJISTHHBIHN aB-
toxuaB Synthware™ o6bemoM 100 M1 (CTETIEHD 3aI10I1-
HeHust 25%) u BeIepKUBanu mpu 95°C B TeueHUe Cy-
TOK. IMosy4eHHBI XKeNThIi 0CamoK OTAESIIN OT MaToOu-
HOTo pactBopa LeHTpudyrupopanueM (20000 00./MuH,
5 MUH), TIPOMBIBAJIM TPU pa3a U30IPONIOBBIM CITUP-
TOM, peAaucIieprupoBaad B 25 MJ JeMOHU3UPOBAH-
HO#1 BOIBI M KUTISITUJIN B TeUeHUE 2 9 IUIST yoaJeHUs
OCTaTKOB M3oIponaHoja. KoHmeHTpaus moixyJaeH-
HOTO 30J1s1 IMOKCHUIA Liepusl, onpeaeeHHast METOI0M
TepMOrpaBUMeTpum, coctaBuia 23.4 r/n (0.136 M).

I[Monygyennsiit 3o1b (pH 2.3) ctabuansupoBain
L-g06/109HOI1 KUCIOTOM B IMana3oHe MOJbHBIX COOT-
HoweHuit aurann : CeO, = 0.2—2. IIpu s3ToM o6pazo-
BBIBAJIMCHh CUJILHO ONajJeCUUPYIONE KOUIOUIHbIE
PaCTBOPHI; TIpU 1OOABIEHNH K HUM 3 M BOIHOTO pac-
TBOpa aMMHMaka (X.4., Xummen) no pH 7.3—7.5 3onu
CTAHOBWJIMCH TIpO3pauyHbiMU. KOHILIEHTpalLMsl ITOmy-
YEHHBIX 30JICH 110 AMOKCHUIY LIepusI cocTaBwia ~17.2 /1
(0.1 M).

st mpoBedeHUsT peHTreHo(a3o0BOro aHaau3a
JUCTIEPCHOM (pa3bl MONyYeHHbIE 30JIM BHICYIIUBAIU
Ha Bosayxe npu 40°C B TeueHue 4 cyt. Penrrenoda-
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30BBIil aHAIN3 MOJIyYEHHBIX TTOPOIIKOB MTPOBOIMIN C
VICTIOJIb30BAaHUEM TTOPOIIIKOBOIO PEHTIEHOBCKOTO W~
dpaxkrometpa Bruker (CLHA) D8 Advance (CuK,-u3-
JIydeHue) B AuarnasoHe yrioB 20 = 20°—90° ¢ mrarom
0.02° u Beimepxkkoii 0.2 c/mar. JudpakTorpaMmbl
WHIWLMUPOBAIU C HMCIOJb30BaHUEM 0a3bl JaHHBIX
ICDD PDF2 (2012). Hist momHOIIpohUIBHOTO aHa-
Jn3a IUdpaKkTorpaMM KUCIIOJb30BaIM IPOrPaMMHOE
obecrieueHrue TOPAS 4.2. IIpodwin MUKOB anmpok-
cuMmupoBain ncesao-pyHkuusmu Doiirra (mapameTp
¢dopmbl K = 0.89).

HccnenoBanust 00pa3loB METOIOM ITPOCBEYMBA-
Io111eii 2y1IeKTpoHHOI Mukpockonuu (ITO9M) npoBo-
VIV C TIOMOIBIO 3JIeKTpOHHOTO MUuKpockomna JEOL
(SInmonust) JEM-2100 UHR npu ycKopsitorieM Hampsi-
xenmn 200 kB. Ilepem mpoBeneHMeM HCCIeTOBaHUIA
30716 Ce O, HAHOCUJTM Ha MEITHYIO CETKY ¢ (hopMBap,/yr-
neponHbiM nokpbiTueM (Ted Pella, Inc.). Mukpodoro-
rpaduy TMoayvyaii ¢ ToMollblo 11-MeranvkcenbHOH
kamepbl Olympus Quemesa B quara3oHe yBeJIUUeHU
%x20000—1500000.

CHekTpsl IOIIOLIEHWS OJyYeHHBIX 30J1eil peru-
CTpUpOBaJIM B Auara3oHe MIUH BoiaH oT 200 mo
600 uM c 1rarom 0.1 HM € UCIIOJIb30BAaHUEM CIIEKTPO-
doromeTpa OKDB “Criektp” (Poccus) CP-2000.

Ananus o6pas3noB MeTogoM nHppakpacHoit (MK)
CMEKTPOCKOITUU MPOBOIUIIN C UCTTOIb30BaHUEM CIIEK-
tpoMmetpa Perkin Elmer (CIIIA) Spectrum 65 mero-
IOM HapyIIeHHOTO TTOJTHOTO BHYTPEHHETO OTpake-
Hus B nHTepBaie 400—4000 cm~! Ipu crieKTpaJbHOM
paspeweHuu 1 cm—!.

HMccnenoBanue 307eii METOJOM TUHAMUYECKOTO
paccesHusi ceta (JAPC) u usmepeHust 3JeKTpo-
KMHETUYeCKoro moreHnuana ({-moreHmmana) mpo-
Boawir npu 20°C ¢ ucnojb30BaHUEM aHaAJIU3aTopa
Photocor (Poccusi) Compact-Z. KoppelsiiimoHHY10
(GYHKIIMIO 151 KaXKI0i M3 BBIOOPOK MOJyJyaliv ycpeli-
HeHreM 10 KpUBBIX, KaXXIYI0 U3 KOTOPBIX HaKaIlIu-
Banu B TeueHue 20 c. [uaponuHaMuyecKuii iuamMmeTp
arperaTtoB OIPEAeNsyIM C UCMOJAb30BaHWEM MeETOJa
perynsapuzauuu (ITO DynalS).

DdepMeHTOITON0OHYI0 aKTUBHOCTD (ITepOKCUIA3-
HYIO/KaTaJla3Hyl0) 30J1€i JMOKCUAA LepHUsl UCCIEN0-
BaJld B peaklMU OKMUCJEHUS JIOMUHOJIA B MPUCYT-
CTBUM TIepoKculia Bogopona. B kauecTBe cpeabl uc-
noygbs3oBasin OydepHsbiii pactBop Tris-HC1 (Sigma
Ne 1001859094, ¢ = 100 MM, pH 7.4). 1151 IpUroToB-
nenust 1 MM pacTBopa momuHoaa (5-amuHo-1,2,3,4-
TeTparuapo-1,4-¢ranazuaauoH, Sigma 123072) Ha-
BecKy itomuHoJa (0.0885 r) pacTBopsiiiu B OydhepHOM
pactBope Tris-HCI (500 mu1). PacTBOp ntepoxkcuma Bo-
nopoja (¢ = 1 M) roroBuiau pas6asnenuem 30 mac. %
pactBopa H,0, (oc.4., XumMen) 1eMOHU30BaHHOM BO-
noi. Peructpauumo xemunwomuHecueHuuu (XJI)
OCYILIECTBJISUIU B TNIACTUKOBBIX KIOBETaX 0OBEMOM
2 MJ ¢ MOMOIIbIO 12-KaHAJIbHOTO XEMMJIIOMUHO-
metpa N Codt (Poccusa) Lum-1200. s corpske-
HUSI XEMUJIIOMMHOMETPA U KOMIbIOTEPA MCIOIb30-
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Puc. 1. ludpakrorpaMMbl MOPOLIKOB AMOKCHIA LIEPHsI, TOJYYEHHBIX BhIcyliMBaHueM 3o0jeil CeO,, cTaOMIN3UPOBAHHBIX
L-s16/104HOM KMCIOTOM (a), M CIIEKTPHI MOIJIOIIEHMS 301eii nuokcuaa uepust B YD-suaumoit obnactu crekrpa (6). MojbHbIe

cooTHoweHust turany : CeO, yKa3aHbl Ha PUCYHKE.

Bas [1O PowerGraph (Bepcust 3.3). Perucrtpanuio
AHAJIUTUYECKOTO CUTHaja MPOBOAWIM TPU TEPMO-
cratupoBaHu (36°C) HenmocpeaCTBEHHO B KIOBET-
HOM OTIEJIeHUU XeMUJIOMUHOMeTpa. B ruacTtuko-
BYIO KIOBETY, colepxkaliryio 0ydepHbliii pactBop Tris-
HCI (100 MM), BHOCUJIY adWKBOTHI JIIOMUHOJA (¢ =
=50 MmxM) u H,0, (¢ = 10 MM). PerucrpupoBanu
doHoBOe cBeueHUEe B TeyeHre 60 ¢, majiee BHOCIIN
aJIMKBOTY 30715 nuokcuna uepus (¢ = 0.5—2.2 MM).
OO611Mit 06beM peaKLIMOHHOI cMecH cOCTaBJsLI 1 M.
3HauyeHUs1 MHTErpaJIbHOM MHTEHCUBHOCTH XEMUJIIO-
MUHECHUEHLIMU ONpeaessuivi KakK IUIoiaab MoJ KuHe-
TUYECKOM KpUBOii 3a 20 MUH.

MaremaTndecKoe MOIEeINPOBAHNE KUHETUKHU XE-
MIJTIOMUHECIICHITUHY TTPOMYKTa OKUCICHUS JIIOMUHOJIA
B IIPUCYTCTBUM TIEpOKCHIA BOAOPOJA U TUOKCUAA 1ie-
pus npoBomwiu ¢ mmomoinbio I1O Kinetic Analyser
(Bepcus 3.1).

PE3YJIBTATBI U OBCYXIAEHHUE

Pe3ynbTaTthl peHTreHO(da30BOTO aHaau3a 30Jei
IVOKCHUIA LepHusl, CTAOMIN3UPOBAaHHbBIX L-510104HOI
KHMCJIOTOM 1 BbICylleHHBIX ITpu 40°C, npuBeaeHbI Ha
puc. la. Kak ciegyeTt u3 nuppakrorpamm, Qucnepc-
Has ¢a3a NOJTYyYEHHBIX 30JIeil IIPENCTaBIIsIeT COOO0M
ogHodazHbi guokcun uepust (PDF2 34-394, mip. rp.

Fm3m). Pazmepsl o6acTeil KOrTepeHTHOTO paccesi-
Hust nopoikoB CeO,, olleHEHHbIE TIPU TIPOBEIEHUN
TTOJTHOITPO(MILHOTO aHaIM3a TUdpakTorpaMM, Haxo-
natcs B auanazoHe 3.0—4.5 aum. OTMeTUM, 4TO CTaOU-
Jmzanus 3oieit CeO, L-s16104HOI KMCTIOTOM He oKa3a-
J1a BTASTHUS Ha (a30BbBIi COCTaB TUCIIEPCHOM (a3hl.

CriexTpsl OTJIOMICHUST MaJlaT-CTaOMIIN3UPOBaH-
HBIX 30J1eii nnokcuaa liepusi B YP-BUAMMOIi 061acTu
CIIeKTpa IpeAcTaBiIeHbl Ha puc. 16. st Bcex momy-
YEHHBIX KOJUIOUIHBIX pacTBopoB CeO, xapakTepHa
1oJI0ca MOMIOILISHUS B Irana3oHe IJIUH BoaH 280—
300 HM, COOTBETCTBYIOIIAS I10JIOCE MOMIOIIECHMS Ha~
HOIMCIEPCHOIO AMOKCHUIA LIepHsI C IIMPUHOM 3aIIpe-
IeHHOM 30HHI ~3.4 3B, 4TO cornacyeTcsl ¢ JuTepa-
TYPHBIMU JaHHBIMU [41].

ITo manubM [TOM (puc. 2a), cpemHuii pa3mep UH-
IUBUIYaJbHBIX YacTUIl OMOKCHUIA LIepusi B 30Ji€
CeO0,, He cTabuinM3npoBaHHOM L-s107104HOM KHCH0-
TOM, cocTapisieT 3.2 HM (CTaHIApTHOE OTKJIOHEHUE
0.4 aMm). Pesynprater [IDM BBICOKOTO pa3pelIeHUs
(puc. 26) MO3BOJWIN BU3YyaTU3UPOBaTh B UHAUBUILY-
anpHbIX Kpuctamaurax CeO, cUCTEMbl KPUCTALIO-
rpapuIecKrX IUIOCKOCTEil ¢ XapaKTepUCTUUECKUM
MEXIUIOCKOCTHBIM paccrostHueM ~2.7 A, kotopbie
MOTYT OBITh OTHECEHBI K I1ocKocTsaM (200) kpucrai-
Juyeckoii pemietku CeO,, UTO cornacyeTcs ¢ TaHHbI-
MU peHTreHo¢a30Boro aHaausa (puc. 1a).

KOJIJTOUAHBIN KYPHAI Ne 5
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Puc. 2. Muxkpodotorpacduu [1DM 30151 nMOKCHUIA LIepUs, He CTAOMIU3UPOBAHHOIO L-s106J104HOI KMCIOTOM.
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Puc. 3. UK-cnexTpsl L-496104HO0IT KUCITOTHI, MaaT-cTabmn3npoBaHHbIX 3oieil CeO, M HAHOINCIEPCHOTO MOPOILKA AUOK-
cupa uepusi. CoorHomenue aurang : CeO, yKa3aHO Ha PUCYHKeE.

B UK-cniektpe (puc. 3) HecTaOMJIM3UPOBAHHOTO
307151 TUOKCHUAA LIepUsT TIPUCYTCTBYIOT IOJOCHI TTO-
mIoLieHus B auanaszonax 3550—3200 cm~! (anTrcHM-
METPUYHBIE U CUMMeTpUYHbIe Kosiebanus v(O—H)) u
1630—1600 cm~! (8(HOH)), a Takxke B Auama3zoHax
1530—1480 1 1290—1250 cm~! (cOOTBETCTBYIOT NpHU-
MECHBIM HUTpat-uoHam [42]) u B guana3oHe 440—

KOJIJIOMOHBIN XYPHAI 2023

TOM 85 Ne 5

420 cm~! (BanenTHBIE Konebanua Ce—O) [43]. dus uc-
XonHOM L-s10J109HOM KMCIOTHI XapaKTEePHBI ITOJI0-
cbl momtomenus npu 3528 u 3382 cm~! (V(O—H)),
B mranazoHe 3000—2840 cm~! (v(C—H)), npu 1700 cm~!
(V(C=0) xap6okcuibHbIX rpyr), 1410 em™' (v(O—H)),
1275 em~!' (8(C—OH)), B auanazone 960—880 cm~!
(6(C(O)OH) xapGOKCWIBHBIX TpyII) [44].
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B UK-criekrpax (puc. 3) Manar-cTaOmim3npoBaH-
HbIX 30Jieil CeO, MOXXHO BUAETH MOJIOCHI TTOIVIOLLIEHUS
B muamna3oHax 3200—2500 (v(O—H) cBs3aHHOIT rum-
poKcwIbHOM Tpyrbl), 3000—2840 cm—!' (V(C—H)) u
1610—1550 cm~! (accumeTpuuHble Kosnebanus V(COO™))
[45]. OTcyTcTBUE Ha cieKTpaXx MOJOCHI MOTIOIIEHUS
npu 1700 cM~! ¥ TIPUCYTCTBUE TTOJIOC MOIIOLIEHUS
KapOOKCUJILHOM IpyMIibl yKa3biBaeT Ha 0Opa3oBaHUe
KapOOKCUJIATHBIX KOMILJIEKCOB Ha MOBEPXHOCTU Ha-
HOOMCIIEpCHOTo auokcuaa uepus [46, 47]. Ipucyr-
CTBHE T10JIOCHI MTOIIOLIEeHU B paifone 1400 cm~!, xa-
PaKTEPHOI, B YaCTHOCTH, JJIs1 IMTPATHBIX U TapTpaT-
Hbeix KoMmIiuiekcoB Ce(IV), Takke moarBepxkaaeT
cBsi3biBaHUue Masiata ¢ CeO, [48]. CaBur nosocsl ae-
¢opMaLIMOHHBIX KOJIeO0aHU TUAPOKCUIBLHONM TPYIIIIbI
ot 1275 x 1310 cMm~!, mpoucxoasImii mpyu 06pasoBaHUKI
XeJIaTHbIX KOMILUIEKCOB OKCUKUCIIOT (MOJIOYHOM, BUH-
HOM 1 JIMMOHHOI1), TOTIOJIHUTEJIBHO YKA3bIBAET HA CBSI-
3bIBaHUE L-sI0JIOYHOI KUCIOTHI C TIOBEPXHOCTHIO Ya-
ctunl CeO, [42]. [To pesynbratam MK-criekTpockonuu
MOHO TPENnoJ0XUThb, YTO CBI3bIBaHUE SI0JIOYHOM
KHCJIOTHI C TIOBEPXHOCTBIO AMOKCUIA LIEPUST peaTU3yeT-
csl yepe3 KapOOKCUIIbHYIO U TUIPOKCUIBHYIO TPYIIIThI.

Ilpu noGaBieHUN HECTAOMIU3UPOBAHHOTO TIPO-
3pauHoro 30js CeO, (pH 2.3) no kamisim B pacTBOp
L-s610uHoit kucnotsl (pH 1—2) mporcxoaut ObICT-
poe MoMyTHEeHUEe cMmeceil 1 obpa3oBaHue CUJILHO
onajecuupyomux (MpakTU4YecKu HEMpO3payHbIX)
KOJUJIOUJIHBIX PAaCTBOPOB CBETJO-XEJITOro IliBeTa
(pH 1.4—2.0). BHemHuit BUA KOJJIOUIHBIX PAaCTBO-
pPOB IpU MepeMeIMBaHUM OCTAEeTCSI HEU3MEHHBIM, a
B OTCYTCTBUME NEpPEeMEIIMBaHUS Yepe3 CyTKH HaOIIIo-
naetcst obpazoBaHue ocanka. BeposiTHo, ipu 1o6aB-
Jienuu HaHouyacTtull CeO, K pacTBOPY sI0JI0YHOM KHC-
JIOTBI TIPOUCXOIUT (HDOPMUPOBAHNE MaJTaTHBIX KOM-
IUIEKCOB Ha MOBEPXHOCTU YACTUIL TUOKCHUAA LIEPUs,
aHaAJIOTUYHO KOMIUIEKCaM C JIMMOHHOM WU IIyTa-
MUHOBOII kucjaoramu [49—51]. OtMmeTum, 4YTO
npu pH < 2 g671049Hast KMCI0Ta MPUCYTCTBYET B pac-
TBOpax MPEeUMYIIECTBEHHO B HEIUCCOLIMUPOBAHHOM
dopme [52], TO3TOMY B TAKMX YCIOBHUSIX CTAOMIIN3a-
uust HaHovacTul] CeO,, UMEIOIIUX MOJOXUTETbHbBII
{-moteniman [53], 3a CYET BIEKTPOCTATUYECKOIO
B3aUMOJENCTBUS MasioBeposiTHa. KpoMe Toro, xopo-
1110 U3BECTHO, YTO PACTBOPUMOCTb IMOKCH/ 1A LIEPUSsI B
KUCJION cpelie OTHOCUTENbHO Besiuka [54]. [pynke u
COaBT. NTOKA3aJIM, YTO HAHOKPUCTAULIMYECKUIA TUOK-
CUJ LIepUsI MEIJIEHHO PacTBOPSIETCS B BOAHBIX pac-
TBOpaxX OpPraHUYECKMX KMCIOT (TUMOHHON, SIHTap-
Holt u s10;10uHoit) ipu pH 4.5 [55]. s Toro 4To0n!
MOBBICUTh CEAMMEHTAllMOHHYIO YCTOWUMBOCTDb KOJI-
JIOUAHBIX PACTBOPOB NMOKcuaa Lepus ¢ L-s1610uHOi
KUCJIOTOM 1 n36eXaTh BO3MOKHOIO pAaCTBOPEHUSI Ua-
ctuu CeO,, pH cmeceil noBoauiau BOOHBIM pacTBO-
poMm ammuaka 1o 7.4. B pesynbrare no6aBieHUsT aM-
MHuakKa npoucxoauno ¢GhopMUPOBaHUE TMPO3PAYHBIX
3oJieii. [1pu pH > 7 g65109Hast KMCI0Ta MPUCYTCTBYET
B pacTBopax B (popMe IByx3apsiIHOro aHuoHa Mal?—,

DOUITUTITTIOBA m np.

YTO OOEeCcTeunBaeT ee aJcopOlIMi0 HAa MOBEPXHOCTHU
CeO, 1 2JIEKTPOCTaTUUECKOE OTTATKWBAHUE HAHOYA -
CTULI, MOIU(PUIIMPOBAHHBIX MajaT-aHUOHOM [52]. OT-
METUM, YTO MpU JoBeAeHUU pH HecTabMIIM3upOBaHHO-
ro 3ot muokcuna uepust (pH 2.3) mo HeiTpanbHOrO
(pH ~ 7) HabmiomaeTcst moTepsi CeaMMEHTALIMOHHOM
YCTOMYMBOCTU Y BBIMANEHUE KEJITOrO ocaaka. Takum
00pa3oMm, ctadbuiuzanus KouionaHoro pactsopa CeO,
MaJlaT-aHUOHOM, aHAJIOTUYHO CTa0MIM3alMU LIUTpaT-
WIN OKcajlaT-aHWnoHaMM [53], mo3BomIa pacimmpuTh
nuana3oH pH craGuibHOCTH 305141,

Oo6pazoBaHue ceAMMEHTAIIMOHHO-YCTOMYNBBIX 30-
JIell TMoKcuaa Lepusi, CTaduIn3upoBaHHbIX L-s1071049-
HOM KMCJIOTOM, ObLIO IToaTBepXKaeHo Metomom JIPC
(puc. 4). Ins1 BceX MOJYISHHBIX 30JIei C pa3IMIHbI-
MU cooTHoIeHusiMU Juranj : CeO, xapaKTepHO MO-
HOMOJAJIbHOE paclipe/ieiIeHUe arperaToB 4acTUll 10
pazmepaM. B ucxonHoM, HeECTaOMIM3UPOBAHHOM 30-
e nuokcuna uepust (pH 2.3) npucyrcTByloT arpera-
TBI C TUAPOAUHAMUWYECKUM I1MaMEeTPOM OKOJIO 13 HM.
Crabunuszanus kosutonnHoro pactsopa CeO, L-g6-
JIOYHOI KMCJIOTOM B MOJBHOM COOTHOIICHUU
JquraHn : CeO, = 0.2 NpUBOAUT K YBEJTUUYECHUIO TUI-
POIMHAMMYECKOIO AUaMeTpa arperaroB IO 25 HM.
Taxkoe yBean4yeHUEe rTMAPOIMHAMUYECKOrO IMaMeTpa,
BEpOsITHEE BCETO, CBSI3aHO CO CTEpUYECKUM (haKTO-
pOM, a UMEHHO HEOOXOAUMOCTBIO MOKPHITUSI MOJIE-
KyJaMHU JIUTaHOa BCell IIOBEPXHOCTHU arperara HaHoO-
YacTUIl 111 o0ecneuyeHusl CTaOuIbHOCTU 305, OT-
METHUM, 4YTO OILIEHKAa MOJBHOIO COOTHOIICHUS
sg6;04Has1 kuciora : CeO,, HeoOxoauMoro st obec-
MCYCHMSI MOJTHOTO MOKPBHITUSI HAHOYACTHIL AUAMET-
poM 13 HM, BBIITOJTHEHHOIO M3 IreOMEeTPUIECKIX CO-
oOpakeHUI B TIPUOIVKEHUM KEeCTKUX cep, TprBe-
Jla K 3HadeHuo ~1 : 1, 4TO yHIOBJIETBOPUTEIHHO
COOTBETCTBYET OAaHHOMY MPEINOJOXECHUIO. 3Haye-
HUS TUAPOAMHAMMYECKUX IUAMETPOB arperartoB Ma-
JlaT-cTabuIN3upoBaHHbIX 30eit CeO, ¢ COOTHOIIIEHN-
eM yuradz : CeO, = 0.5—2 Haxonsrcs B nuana3oHe 15—
19 HM U NTPaKTUYECKX COBNANAIOT IPYT C IPYTOM, a TaK-
2Ke IOCTaTOYHO OJIM3KM K pa3MepaM arperaToB YacTHII B
HMCXOMHOM, HECTAOWIM3UPOBAaHHOM 30J1€.

Pe3ynbrarhl 271eKTPOKUHETUYECKUX UBMEPEHU 151
MajlaT-CTaOMIM3UPOBAHHbBIX 30JI€i TMOKCUIA 1IEpUSs
npuBeieHbl B Ta6. 1. Benmnunna {-noTeHIMana He-
crabunuszupoBaHHOTO 30J151 CeO, SIBIsIETCS MOJIOXKM -
tebHOM (+22 MB), 4TO XapakTepHO IJISI KOJIJIOMI-
HbIX pactBopoB CeO, ¢ HU3KMMHU 3HAUYEHUSIMU
pH (2—3) 1 cooTBeTCTBYET paHee MOJyUYSHHBIM JaH-
HBIM [53, 56]. M3 Tabu. 1 ciemyer, 4TO cTaOMIM3ALINS
IUOKCHUIA LIepUsl MajlaT-aHUOHAMU TIPUBOJIUT K U3-
MEHEHMIO 3HaKa {-IOTeHIIMANa HA OTPUIIATETbHBIA.
CradbunusupoBaHHbie 30U CeO, XxapaKTepusyloTcs
BeJMYMHON {-moTeHIMana okoio —15 MB, Kotopast
MPaKTUYECKU HE 3aBUCUT OT KojinyecTBa L-s10104HOI
KUCAOTbL. OTMETUM, UTO 30J1M C BEJIMUMHOI 3JIEKTPO-
KMHeTHn4YecKoro noreHIuaia MeHee 30 MB, kak mpa-

KOJUIOUOHBIN XYPHAJT Ttom 85 Ne5 2023
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19 v Jlurann : CeO,

2

15 um

Jlonst yacTuil

15 um
0.5
25 HM
13 M
0
1 10 100

TuapoaHaMUYeCKUit TMaMeTp, HM

Puc. 4. Pacnipenenenus gactun CeO, o pasmMepam B 305X, CTAOMIN3UPOBAHHBIX L-s10JI04HOI KUCIOTOI B MOJIBHBIX COOT-

HomleHuax urady : CeO, = 0-2.

BUJIO, OTHOCSIT K KOJIZIOUIHBIM PaCTBOPaM C HEBBICO-
KOM arperaTuBHOM ycToituuBocCThIO [49, 57].

JlobaBjeHUEe aMMHMaKa K HECTAaOUJIU3UPOBAHHOMY
300 nuokcuna nepus (pH 2.3) npuBomut K yBeau-
yeHuto ero pH mo ~7 u mepe3apsiake MOBEpPXHOCTH
gactuir CeO,, ux {-moTeHIIMaI CTAHOBUTCS CIa00O0T-
putiatenbHbiM (—3 £ 1 MB) [56]. B cBolo ouepenn,
nipu pH ~7 BemmumHbl {-TIOTEHIIMATA MalaT-CTaO v -
3upoBaHHbIX 3051¢ei CeO, (Tad. 1) mo abcomoTHOM Be-
JIMYMHE 3HAYUTENILHO OOJIbIIe, YTO HOIOJIHUTEIIHBHO
yYKa3bIBaeT Ha MOAU(UIIMPOBAHNE IIOBEPXHOCTU TUOK-
cuja Liepusi MajaT-aHMoHaMu. B cooTBeTcTBMY C MaH-
HBIMHU, IIPUBEICHHLIMU B paboTe BnacoBoii 1 coaBT.,
amcopOLsI ABYXOCHOBHBIX OPTaHMYECKMX KHMCJIOT
(NMMKOJMHOBOM U OpOTOBOI) Ha nmoBepxHocTu CeO,
MPUBOAUT K 00pa30BaHUIO YCTOMUNBBIX KOMITJICKCOB
(=CeOH;A") [58]. 3nauenue {-moTeHMana Majiar-
CTaOMIM3UPOBAHHBIX 30JIeil TMoKcuaa Lepusl Tpak-

TUYECKU HE 3aBUCUT OT KOHLIEHTpauuu L-s16104HOI
KUCJIOTBI, BEPOSITHO, TaKXE 3a CYET YIOMSHYTOIO

Tabmnua 1. 3navenus {-norenimanos 3oeit CeO, (pH 7.4)

MoJIbHOE COOTHOLIEHNE
nrana : CeO, {-norenuuan, MB
0 (pH 2.3) 202+ 1
0.2 —14t1
0.5 —15x2
1 —16 £ 2
2 —16t1
KOJUIOMAHBIN XYPHAJT tom 85 Ne S5 2023

BBbIIIE CTEPUYECKOTO (pakTopa. XIHKOK U COaBT. C MC-
nosnb3oBanueM AMP-crexkrpockonuu BC yctaHo-
BWJIM, YTO CBSI3bIBAaHUE LIUTPAT-aHUOHOB C MOBEPX-
HOCTBIO YaCTHUIl JUOKCHUIA LIepHsl peanu3yeTcs 4Yepes
TUAPOKCUJIBHYIO Y TepMUHaIbHbIE KapOOKCUJIbHbIE
rpynnbl [49]. Ilockoabky nmpu pH > 7 B pacTtBope
MPEUMYIIECTBEHHO MPUCYTCTBYIOT IBYX3apsIHbIE
aHMOHBI Mal?>~, MOXXHO IIPEAIIONIOXNUTE, YTO KOOP/IH -
HalMsI MajlaT-aHMOHA K MOBEPXHOCTU TUOKCUIA LIEpUST
TaK>Ke OCYIIECTBIISIETCS Yepe3 KapOOKCUIbHYIO U TU/l-
POKCUJIbHYIO TPYMIIbI, YTO COIJIACyeTCsl C IaHHBIMMU
MK-crniektpockormmu. Ilpu 3ToM cBOOOMHAsT KapOOK-
CWUJIbHAs TpyIIia HaXOOUTCSI B aHMOHHOI (hopme, 4TO
obecrieurBaeT OTpUIIATeIbHOE 3HaYeHKe -TToTeHIra-
Jla MaJjlaT-cTabuIn3upoBaHHbIX 3051eil CeO, (Tadn. 1).

DdepMmeHTOITOOO0OHAS AKTHUBHOCTH ITOJYYEHHBIX
30JIei MIMOKCHUAA LIEPUSI TT0 OTHOLLIEHUIO K IIEPOKCUILY
BOIOpoOIa ObljIa MCClieNOBaHa C MCITOJIb30BAHUEM Xe-
MUIIIOMUHECIEHTHOTO MeTona. KnHeTuueckue Kpu-
Bbl€ XEMWIIOMWHECLIEHIMU IIPOAYKTAa OKUCJICHUS
JIIOMUHOJIA MEPOKCUIOM BOIOPOIAa B IPUCYTCTBUU
JUOKCUIA LIepUsi MPpUBEIeHBI Ha pUC. 5.

I1pu noGasieHUM 30k TUOKCHUAA LIPS B peak-
LIMOHHYIO CMECh, COoAepKallylo OydepHBIii pacTBOp
Tris-HCI, mroMrHOI 1 TTIEpOKCHUI BOTOPOIa, MHTECH-
CUBHOCTb XEMWJIIOMUHECLEHIIUU TTPOAYKTA OKUCIIC-
HUSI JIIOMUHOJIA TI0 CPaBHEHMIO C KOHTPOJIBHOM cMe-
cblo, He conepxkaiieit CeO,, yBenununBaeTcs (puc. 5).
3aTeM MHTEHCUBHOCTh CBEUYCHUSI MOCTENIEHHO CHU-
XKaeTcsl, IIPU 3TOM CKOPOCTh CHUKEHUSI MHTCHCUB-
HOCTH TeM BblIlLIe, yeM OoJibliie KoHlleHTpauusi CeO, B
peakioHHoit cMmecu (0.55—2.2 MM). OtMmeTuM, 4TO
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10

0.55 MM CeO,

Jluraun : CeO, = 0.5

Jlurann : CeO, =0.2

Jlurann : CeO, =2
KoHTposnb

Jlurann

1.1 MM C602

Jlurann : CeO, = 0.5

Jlurann : CeO, =0.2

Jlurann : CeO, =1

Jlurann : CeO, =2

Jluraun : CeO, =0

DOUITNUTITTIOBA u np.

2.2 MM CeO,

Jlurann : CeO, = 0.5

Jlurann : CeO, =0.2

Jlurann : CeO, =2
Jlurann : CeO, =1

KOHTpOITb Jlurann : CeO, =0

Jlurann

0 5 10 15 20 0 5
Bpewms, mun

Bpewms, mun

10 15 20 0 5 10 15 20
Bpewms, mun

Puc. 5. Kunetnuyeckue KpuBble XeMWIIOMUHECLEHIIMU TTPOYKTa OKMCIEHMSI TIOMUHOJIA TEPOKCHIOM BOAOPOAA B pEaKIIMOH -
HOW cMmecH, coaepxkatueit 0ydepnsbiii pactBop Tris-HCI (pH 7.4) u 3011 nuokcuna uepusi, cTabuan3nupoBaHHbie L-sg6109HOT
KMCJIOTO ITPY MOJIBHBIX cOOTHOLIEeHUAX turany : CeO, = 0—2. 3nauenue pH HecTabmimsuposanHoro 3ois1 CeO, 2.3.

JIJISI IPUPOIHOTO (pepMEeHTa MEPOKCUAA3HEI XpeHa B aHAa-
JIOTMYHBIX YCIIOBUSIX PETUCTPUPYETCS MHOM BUI XEMMU -
JIIOMUHECIIEHTHBIX KPUBBIX, 8 UMEHHO TTOCTEIIEHHOE
YBeJIMYEHNE MHTEHCUBHOCTU XEMUTIOMUHECLICHIINI
C €e BBIXOJIOM Ha cTallMoHapHoe 3HaueHue [59]. On-
HaKoO, JUISI HAHOMAaTepUAaJIOB, MPOSIBISIONINX TTePOK-
CUIA30II0J00OHYI0 aKTUBHOCTb, BUJ, XeMUJTIOMUHEC-
LEHTHBIX KPUBBIX MOXET OBITh UHBIM, YTO BEPOSITHO
CBSI3aHO C B3aMMOJEICTBHEM HAHOYACTUIL C KOMITO-
HEHTAMU peaKLMOHHOM cMmecu. XeMUIIOMUHEC-
LEeHTHbIE KpUBbIEC, AHAJIOTUYHBIC TTOJTyYeHHBIM B Ha-
cTosiiieit paboTe, M CBSI3aHHBIE C ITPOSIBJIEHUEM ITEPOK-
CHUIA30IMOJO0HON aKTUBHOCTM HAOMIOHAId paHee
IIJIST psifia HAHOMATEPHUAJIOB, B TOM YMCIIe IMOKCHUIA 1ie-
pus [60, 61], koMmIuiekca kejie3a ¢ mopdupruHoM [62],
MeTai-opranmdyeckux nommepon Co(11) [63].

DKCIepruMeHTaTbHbIE KWHETUUECKUE JaHHbIE ObITN
00paboTaHBI B paMKax KWHETUISCKON MOIEIN, TIPUBE-
JIeHHOI B Ta61. 2 (puc. 6). BoiOpaHHas MaTeMaThye-
cKast MoJieIb OCHOBaHAa Ha MeXaHU3Me IMePOKCUIA30-
MOAOOHOI aKTUBHOCTHU IVUOKCHUIA LIEPUsI, TIPEIIOXKEH-
HOM paHee [64, 65]. B pesynbrate MoaearpoBaHUS
(Tabn. 2) ObUIM oOIpenesieHbl KMHETUYECKHE Iapa-
METpPbI peakliii B3aMMOAEHCTBHUS JMOKCUIA LIEPUS C

rmepoKcumoM Bogopona (1), B3anMoneiicTBIs TIOMIUHO-
JIa ¢ TMAPOKCUJI-panuKaaoM (2) U peakMy XeMILTIO-
MUHECUEHIIMU MTPOAYKTa OKUCIIeHUs JIoMuHoa (3).

M3 tabn. 2 MOXHO BUACTh, YTO C YMEHBIICHUEM
KOHIIEHTpAlIMM IUOKCUIA HEepHUs IIPOUCXOAUT CHU-
KEHUEe CKOpOCTU peakuuu (3), compoBoXKaarolIeics
HWCIyCKAaHWEM KBaHTa CBeTa, Ha ITOPSIIOK BEJIMYUHBI,
YTO COITIACyeTCs C Pa3IMIMsSIMM B COOTBETCTBYIOIINX
9KCIIEPUMEHTATbHBIX KUHETUYECKUX KPUBBIX (pHC. 5).
B cBoI0 ouepenn, crabuim3aius 30J1eii IUOKCHUAA 11e-
pust L-g06109HOM KMCIIOTOM IIPUBOIUT K CHUKEHUIO
ckopoctu peakuuu (3) B cpemHeM B TpU pasa
(Tab. 3), YTO COOTBETCTBYET OOJiee MeIJICHHOMY 3a-
TYXaHUIO XEMWIIOMUHECIEHIIMNA PEaKIIMOHHBIX CMe-
ceii, comepXKallux MaJlaT-CTaOWJIM3UPOBAHHBIE 30711
0 CPaBHEHMIO CO CMECSIMM, COJepXKalluM1 HecTa-
OWJIu3MpoBaHHbIE KosulouaHble pacTBopbl CeO,
(puc. 5).

KonuyecTBeHHBIN aHanu3 (QepMEHTOINOI00HOM
aKTUBHOCTU 30JIei TMOKCHUIA LIEPUsI IIPOBOMMIIN 1Ty~
TEM CpaBHEHMS 3HAUY€HUI MHTErpaabHO MHTEHCUB-
HOCTU XEMWJIOMUHECHEHIIMU, PETUCTpUPYEeMOii B
tedeHue 20 muH (puc. 7). BogHble pacTBOpHI 106109~
Hoit kucaotsl (0.28—1.1 MM), He coaepKallue TMOoK-

KOJIJTOUAHBIN KYPHAI Ne 5
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Ta6auna 2. Pe3yibTaThl MaTEeMAaTUYECKOTO MOJCIMPOBAHMUS JaHHBIX XeMIIIOMUHECIIEHTHOTO aHaInu3a IjIs pPeaKIMOH-
HOM cMecH, conepxkaiiieit 0ydepHsblit pactBop Tris- HCI, moMuHOI, TepoKCcuI BOAOpoaa U HECTaOMIN3UPOBaHHbBIN 30/1b

muokcuna uepus (pH 2.3)

KoHcTranTa peakiuu, MKM/MUH
Peakuus
0.55 MM CeO, 1.1 MM CeO, 2.2 MM CeO,
CeO, + H,0, — 20H: (1 2.6 x 10° 2.2 % 106 6.1 x 10°
Lum + OH: — Lum* (2 1.5 % 107¢ 1.1x 107 1.0 x 107°
Lum* + Lum* — P + hv 3) 3.5% 1077 6.0 x 1077 5.0 x 107

cuma Iepusi, CHIKAIOT WHTEHCUBHOCTH CBEUYEHUS
JIIOMUHOJ1a B 6—60 pa3, 4To YKa3bIBaeT Ha aHTUOKCH -
TAHTHYIO aKTUBHOCTh L-S0JIOYHOM KHCIOTHI IO OT-
HOIIIEHUIO K ITepoKcuay Bogopoaa (puc. 7a). CHmKe-
HUE€ WHTEHCHUBHOCTU XEMUJIIOMUHECIICHIINN C YBeE-
JIMIeHWEM KOHIIEHTpAlMW SI0JOYHOM KUCIOTHI OT
0.28 mo 1.1 MM cormacyeTcs ¢ TUTepaTypHbIMU JaH-
HBIMU, B COOTBETCTBHUHU C KOTOPBIMU SIOJIOYHAST KUC-
JJoTa 00JagaeT aHTUOKCUIAHTHON aKTUBHOCTBIO TTO
OTHOIIIEHWIO K TUAPOKCHI-pagrKaliaM B THaIta3oHe
koHueHTpauuii 0.05—0.5 MKr/Mii, TIpy 3TOM, 4YeMm

BbIIIIE KOHIEHTpAlLMs SI0JIOYHOI KUCIIOThI, TeM 00-
Jiee BbIpakeHa aHTMOKCHIaHTHAsI aKTUBHOCTb [33].
Kak BugHO u3 puc. 76, nepoKCHUIa3onoao0Has ak-
TUBHOCTb MaJlaT-CTaOUIU3MpPOBaHHbBIX 30J¢it CeO,
MpEeBBIIIAeT aKTUBHOCTb HECTAOMJIM3UPOBAHHOI'O 30151
mquokcuga uepus. @epMeHTONIONOOHAsT aKTUBHOCTD
305151 CeO,, CTaOUJIM3MPOBAHHOTO B MOJIbBHOM COOT-
HoueHuu gurann : CeO, = 0.5, npakTU4ecku B 1Ba
paza (CeO,, 0.55 MM), B Tpu paza (CeO,, 1.1 MM) u
B ceMb pa3 (CeO,, 2.2 MM) Bbillle, YeM aKTUBHOCTb
HectabuausupoBaHHoro 307151 CeO,. [laHHOe HabJt0-
neHune comnacyercd ¢ pesynbratamu JAPC, momydyeH-

10 -
0.55 MM CeO, 1.1 MM CeO, 2.2 MM CeO,
8+ JIurann : CeO, = 0.5 JIurauz : CeO, =0.5
Jlurang : CeO, = 0.5
= 6 Jlurann : CeO, =1
oo
H
05 Jlurann : CeO, =1
= A Juranz : CeO, =0.2
Jlurann : CeO, =1
Jlurann : CeO, =0.2 1 CeOn = 0.2
Jlurann : CeO, =2 L et = U
2+ Jlurann : CeO, =0 Jlurang : CeO, =2
Jlurann : CeO, =0
Jlurann : CeO, =0
| | | | L | | ~ I 1 L d
0 5 10 15 20 O 5 100 15 20 0 5 10 15

Bpewms, mun

Bpewms, mun

20
Bpewms, mun

Puc. 6. KuHernueckre KpuBble XeMUJTIOMUHECUEHIIMY TTPOIYKTa OKUCICHUS JIIOMUHOJIA TIEPOKCUIOM BOAOPO/AA B MIPUCYT-
CTBMHU 30JIeil TUOKCHIA LIepusl, TTOJyYeHHbIE B pe3yJibTaTe MaTeMaTUYECKOTO MOJIETMPOBAHMST SKCIIEPUMEHTATBHBIX JAHHBIX

(peakmum (1)—(3), Tabu. 2).
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Taomuna 3. KuHetnuyeckue mapameTpsl peakiuii (1)—(3) mst peakilMOHHBIX cMeceil, coaepkaiux 0yhepHbIil pacTBOp
Tris-HCI, mroMuHOI, epoKCUa BOAOPOAa U MajdaT-CTaOMIN3UPOBaHHBIC 30JI1 JMOKCHUIA LIepUs

MoBHOE COOTHOLICHME KoHcraHTa peakuuu, MKM/MUH
Peakiius
rann : CeO, 0.55 MM CeO, 1.1 MM CeO, 2.2 MM CeO,

(1) 3.0 x 10° 2.0 x 10° 8.7 x 10°

0.2 () 2.1 x 107 1.9 x 106 1.8 x 107
(3) 1.7 x 1077 3.8 x 1077 2.0 x 1076
(1) 3.6 x 10° 3.3 x 10° 1.6 x 106

0.5 ) 2.3 %1070 1.8 x 107 1.7 x 1076
(3) 1.0 x 1077 2.2 %1077 8.5x 1077
(1) 3.2 x 10° 3.0 x 10° 1.3 x 10°

1 () 2.5 %1070 1.7 x 1076 1.6 x 1076
(3) 9.4 x 1078 2.5 %1077 1.1 x 10°°
(D 2.6 x 10° 2.3 x 10° 1.7 x 108

2 () 2.6 x 1070 2.0 x 107° 1.0 x 1076
(3) 1.3 %1077 2.7 x 1077 1.2 x 107°

HBIMH JIJTSI 30JIei MMOKCY A Liepusi B Oy(pepHOM pacTBO-
pe Tris-HCI (pH 7.4) (puc. 8). TunponuHaMuyecKuii
JIuaMeTp arperaToB HeCTaOMJIM3UPOBAHHOTO 30JIs
CeO, 6osee yeM B 3 pa3a MpeBbIIIACT pa3Mep arpera-
TOB B 30JI€ AUOKCUIA LIEpUsT, CTAaOMIM3UPOBAaHHOM L-
SI0JIOYHOM KUCJIOTOI B MOJIBHOM COOTHOILIEHUU JIU-
rana : CeO, = 0.5. OTMETUM, YTO AaHATOTUYHYIO 3a-
BUCHUMOCTh II€POKCHIa30II0A00HOM aKTUBHOCTU OT
pa3MepoB arperaTtoB YacTUIl HaOJIOaNM paHee s
deppura Maprania [66]. Hauboiiee BeposTHOI IpH-
YHMHOM 3aBUCUMOCTU aKTUBHOCTH HAHO3UMOB OT pas-
MEPOB arperaToB YaCTUII SIBJISIETCS CTEIEHb TOCTYII-
HOCTH UX PeaKIMOHHBIX LIEHTPOB IS MOJIEKYJI CyO-
crtpaTtoB. Yem OoJpllie pa3Mep arperaTtoB, TeM
MeHbIne 3(@GeKTUBHAas ITOBEPXHOCTh B3aMMOICH-
CTBUSI aKTUBHOI TBepHaoi (a3bl ¢ KOMITOHEHTAMH
pacTBopa.

C npyroii CTOpOHBI, C yBEIUYEHIEM MOJILHOIO CO-
otHoueHus auravy : CeO, B nuana3oHe 0.5—2 B ma-
JIaT-CTaOWJIM3UPOBAHHBIX 30JIIX TMOKCUIA LIEPUSI PO -
HUCXOAWUT CHUXEHME WX MEepOKCHUIa30MoA00HON aK-
TUBHOCTM no0 AByXx pa3 (CeO,, 2.2 MM), uro,
BEPOSITHO, CBSI3aHO C COOCTBEHHBIMU aHTUOKCHUIAHT-
HBIMU CBOMCTBaMU sI0I04HOM KUCTIOTHI (puc. 7). PaHee
Haps 1 coaBT. MoKazaju, YTO KOHbIOTallus JUOKCHUIA
Lepusi ¢ AyOMJIBLHON KMCIOTOM MPUBOAUT K CHUKE-
HUIO LIMTOTOKCUYHOTO JeMCTBUS AYOUJIBLHOI KUCIIO-
Thl: CeO, u koHborar CeO,-1yOUIIbHAsI KUCJIOTA HE
OKa3blBAJIU 3HAYUTEJbHOTO BJIMSHUS Ha XU3HE-
criocobHocTh ubpodiactos [46]. 2Ky 1 coaBT. mpen-
JIOXUIYM MeTonuKy Monudukanuu nosepxHoctu CeO,

aJICHIPOHOBOI KMCJIOTOIl M TMIPOIEeMOHCTPUPOBAIIM,
yTto KoHbloraT CeO,-ajleHApOHOBas KMCJI0Ta MPOSIB-
JISIET CYMEePOKCUANMCMYTA30- U KaTajla30Moma00HYIO
aKTUBHOCTh M 00JIalacT aHTUMOKCUIAHTHLEIMU CBOIi-
CTBaMM 10 OTHOIIIEHHUIO K aKTUBHBIM (popMaM azoTa
[67]. By 1 coaBT. moKa3ajau, YTO CTAOMIU3aLIUs 3015
JUOKCUA LIEpUs LUTpaT-aHuoHaMmu (5 Mac. %) nmo3Bso-
JISIET 3HAYUTEILHO MOBBICUTH CKOPOCTh (DOTOMHIYIIN-
POBAaHHOIO CBOOOAHOPAIUMKAIBHOIO  OKHUCIECHUS
N-(dbochoHOMETII)-TIMIIMHA IO CPABHEHUIO C He-
crabunu3upoBaHHbIM 305ieM CeO, (KOHCTaHTa CKO-
pOCTH pas3fioxXeHus: kpyg yBeaumuwiach ¢ 0.0018 mo
0.3028 muna~!) [67]. BaXXHO OTMETUTH, YTO BEJIMYMHA
kpyma, TEOPETUYECKY OLIEHEHHAs IJIS CMECU TUOKCU-
Ja 1epusl ¥ JUMOHHOM KKcaoThel (5 Mac. %) B mipen-
MMOJOXEHUN 00 OTCYTCTBUM XMMMYECKOIO B3alIMO-
JIEACTBUSI KOMIIOHEHTOB, Oblla Ha TPU IIOpsiIKa HU-
xe (0.0005 wmuH"'), 4YeM KOHCTaHTa CKOpPOCTHU
pasnoxeHust N-(¢pochoHOMETIN)-IIMLIAHA T101, ASKi-
cTBUeM LuTpaT-moaudunpoBaHHoro CeO,. CpaBHe-
HU€E JIUTEepaTYPHBIX JaHHBIX [68] U pe3yabTaToB, I10-
JIydeHHBIX B HacTos1ei padote (puc. 7, Tadn. 2 u 3),
IO3BOJISIET MIPEAIIOJIOXKUTh, YTO YBEIUYCHUE COIACP-
KaHus L-g6104Hoit kucnotsl (Jiuradn : CeO, ot 0.5
JI0 2) 3aTpydHsIET AOCTYI JIIOMMHOJA M II€pOoKCcHIa
BOIOPOJAa K MOBEPXHOCTU YACTUIL JUOKCUAA LICPUS,
YTO IIPUBOIUT K YMEHBIICHUIO IEePOKCUAA30II0a00-
HOI aKTMBHOCTH MaJlaT-CTaOWIN3UPOBAHHBIX 30JICH
CeO,.

Heo6xoamMo 0TMETUTD, UTO 30J1b TMOKCUIA LIEPUS,
CTaOMJIM3MPOBAHHBIN SOJOYHOM KHUCIOTOM B COOTHO-
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Puc. 7. 3aBUCUMOCTb UHTErPAIbHOI MHTEHCUBHOCTHU XEMWJIIOMUHECLIEHLIMY MPOIYKTa OKUCICHUs JIIOMUHOJIA OT KOHIIEHTpa-
1y L-s167109HOI KUCIOTHI (a) B peaKLIMOHHBIX CMecsIX, conepxainux 0ydepHsiii pactBop Tris-HCI (pH 7.4), nroMuHOI U 11€-
PpOKCU BOIOPOJA, ¥ OT KOHLIEHTPAIIUM TUOKCcUAa 1iepus (0) B peaKIIMOHHBIX CMECSIX, colepkaimnx oydepHsiit pactBop Tris-
HCI (pH 7.4), moMuHO, MEPOKCH BOIOPOJA U MajaT-cTabminsnupoBaHHble 3051 CeO,.

weHun jmradn @ CeO, = (.2, 1eMOHCTpUpPYEeT aKTUB-
HOCTb, BABOE MEHbIIYI0 akKTUBHOCTU 30Js CeO,,
CTaOUJIM3MPOBAHHOIO MPU COOTHOIIEHUU JIMTAHI :
:CeO, = 0.5. HeBpIcokas aKTMBHOCTb MaJjaT-CTa-
OUIM3UPOBaHHOrO KojutouaHoro pactBopa CeO, c
cootHolueHuem juranz : CeO, = 0.2 cBsizaHa ¢ 00Jb-
MM 3HAYEHUEM TUAPOAMHAMUYECKOIO TUaMeTpa ar-
peraToB yacTull B Bojzie (puc. 4) u B 6ydepHOM pac-
tBope Tris-HCI (puc. 8) mo cpaBHEHUIO ¢ APYTUMU
CcTabMIU3UPOBAHHBIMU 30JIsIMU. Takoe pasnuuue,
KakK OBIO OTMEYEHO BBIIIIE, BEpOSITHEE BCETO, TaK-
JKe CBSI3aHO CO CTePUUECKUM (DAaKTOPOM.

Takum oOpa3om, cTabuaM3anust IMOKCUIA LIepus
L-s16110uHO#T KMCTOTOI B AUania30He MOJIbHBIX COOT-
HoueHu# suradn : CeO, ot 0.5 1o 2 mo3BoJIsieT No-
BBICUTbH arperaTuBHYI0 ycToiuuBocTh 3075 CeO, u
ero (epMEeHTOIIOJO0OHYI0 aKTMBHOCTh IIO OTHOIIIE-
HUIO K nepokcuay Bogopoaa. IlomyyeHHble naHHBIS
CBUACTEIBCTBYIOT O TOM, UTO (DAKTOpP arperaTMBHOM
ycroitunBoctu HaHouyacTull CeO, B KOJJIOMAHBIX pac-
TBOpax MOXET UMETh OOJIbIIIOE 3HAYECHUE TIPU OLIEHKE
¢depMeHTOTOAOOHOM aKTUBHOCTH TUOKCHUIA LIEPUS 1
IPYIUX HEOPTraHWYEeCKMX MaTepHajioB, 0COOEHHO B
SKCIIEPUMEHTAX in Vitro 1 in vivo.
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3AKJIIOUEHHME

B Hacroseit padoTe BIiepBbI€ ITOJTYUYeHBI arpera-
TUBHO YCTOMYMBBIC 30JI1 AUOKCUIA LIepUsl, CTAOUIIN-
3upoBaHHBIC L-sI6I09YHOIT KUCIIOTOI, B DUAITa30He
MOJIbHBIX COOTHOLIIeHU i turann : CeO, =0.2—2. O6-
pa3oBaHuEe MaJaTHBIX KOMIUIEKCOB Ha IMMOBEPXHOCTHU
YaCTHII THMOKCUIA Ieprsl MOATBEPXKICHO METOTAMU
NK-cnexkrpockormuu 1 JAPC. Crabnam3aims 3o0ieit
JIVOKCHIA LepHs I0JI0YHOM KUCIIOTOM CHIKAET CTe-
neHb arperauuu HaHoyactul CeO, B OydepHOM
pactBope Tris-HCI (pH 7.4). Ananus ¢pepmeHTOII0-
MOOHOI aKTMBHOCTH XEMWIIOMUHECIIEHTHBIM METO-
JIOM MPOAEMOHCTPUPOBAJ, YTO CTAOMIM3ALIUS KOJI-
JIOUTHBIX pacTBopoB CeO, ManaT-aHMOHOM ITPUBOIUT
K YBEJIMYECHUIO TIEPOKCHIAA30ITOMOOHOI aKTUBHOCTH
JMOKCHIA LIEpUSI IO CPAaBHEHUIO C HECTaOUIN3UPOBaH-
HBIM 3051eM CeO,. Pe3yibraThl KHHETUYECKOTO MOJIE-
JIMPOBAHUS XeMWJTIOMUHECIICHTHBIX HaHHBIX ITOKa-
3aJli, 4TO yBeJUYEHUE KOJIMYECTBA MallaT-aHUOHA B
30/151X auokcuna uepust (qurada : CeO, = 0.5-2)
MPUBOINT K CHUKEHUIO (DEepMEHTONMOTOOHOM aK-
TuBHOCTU CeO,, 4TO OOYC/IOBJIIEHO aHTUOKCUIAHT-
HBIMU CBOMCTBaMU SIOJIOYHOM KUCIOTHI. [ToayyeHHbIe
pe3yabTaThl MOTYT OBITh MCITOJIb30BAHBI T aHaIN3a
OMOJIOTMYECKON aKTUBHOCTH AUOKCHUIA IIEpUs B TIPU-
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0.55 MM CeO, 1.1 MM CeO, 2.2 MM CeO, Jlurann : CeO,
15 am 15 am 14 am
2
14 um 13 M 13 M
1
T T TTTTm LI I T 1T T T T TTTTT T 1rTrrrm I LR LU LU
- 13 uMm 14 um
= 14 um
3) 0.5
g ﬁ
= 70 HM
g LU T TT1Trmm I T T T LILLLLLALLL LU
= 90 m 42 um
14 am
110 aMm 80 v
I T T 1T T TTTTThT Trrrrmm
10° 10! 102 103 10° 10! 102 103 10° 10! 102 103

TuapoaHaMUYeCKUit TMaMeTp, HM

Puc. 8. PacnipeneneHust mo pa3mepam 4acTUIl UOKCHUAA IEPUS B 30JI5IX, CTAOMIM3UPOBAHHBIX L-SI0I0YHOIT KUCITOTOM TIpU
MOJIBHBIX COOTHOIIEHUsIX uranz : CeO, = 0—2, B 6ydpepHom pacteope Tris-HCI (pH 7.4).

CYTCTBUM IIPOMYKTOB KaTabonm3ma (1ukia Kpebea) B
JKUBBIX CUCTEMAX.
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